EDITORIAL 


Volume IX of the Australian Journal of Experimental Biology and Medical 
Seience will be published early in 1932 in one volume of about 300 pages, as a 
memorial to the late Professor T. Brailsford Robertson, who was responsible for 
the foundation of the Journal and edited it up to the time of his death. 

Several of Professor Robertson’s former colleagues and pupils in Europe, 
America, and Australia are amongst the contributors. The articles included are: 


J. J. R. Macleod (Aberdeen), ‘‘Glucogenesis and Energy Material of Muscle’’; 

C. Neuberg (Berlin), ‘‘ Uber die Bestandigkeit der Glycolase’’ ; 

M. Laporta (Naples), ‘‘Punto isoelettrico e constanti di dissociazione della 
globina.’’ 

W. Ostwald (Leipzig), “Kritische Flussigkeitsgemische betrachtet als Kolloide 
Emulsoide”’ ; 

W. Pauli (Vienna), ‘‘ Beziehungen von Kolloiden und Konstitutiven Aenderungen 
einiger Proteine’’ ; 

H. H. Woollard (London), ‘‘ Neuritis and Beri-beri’’ ; 

F. P. Gay (Columbia), ‘‘On Disease and Death’’; 

Leo. Loeb (St. Louis), ‘‘Some Mechanisms in the Sexual Cycle of the Guinea- 
pig’’; 

A. B. Maecallum (MeGill), ‘‘On the Electrolytes in the Axons of Nerve Fibres’’; 

W. J. V. Osterhout (Harvard), ‘‘ Studies on Large Cells’’; 

C. L. A. Schmidt (Berkeley), ‘‘Studies on Ionization and Optical Refractivity 
of Amino-acids and Proteins’’; 

H. Wasteneys (Toronto), ‘‘The Action of Radiation on Enzymes’”’; 

W. E. Agar (Melbourne), ‘‘A Review of some Experiments Currently Quoted as 
Evidence of the Inheritance of Acquired Characters’’ ; 

M. C. Dawbarn (Adelaide), ‘‘On the Nucleo-cytoplasmie Ratio in Mice’’; 

H. R. Marston (Adelaide), ‘‘On Physiological Factors Controlling the Growth of 
Wool Fleece by Merino Sheep’’; 

O. W. Tiegs (Melbourne), ‘‘The Innervation of the Striated Museculature in the 
Python.”’ 


The scientific contributions will be preceded by a biographical outline of 
Professor Robertson’s life and scientific work and a complete bibliography of his 
published researches. 

The price of the volume will be one guinea, but will be available to regular 
subscribers at the price of ten shillings. 

Volume X will appear quarterly during 1932, the first part appearing in 
March, 1932. 
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NOTE ON THE ESTIMATION OF CREATININE 
IN DIABETIC BLOOD 


by 
G. V. RUDD! 


(From the Institute of Medical Research, Royal North Shore Hospital 
of Sydney). 


(Submitted for publication 15th October, 1931.) 


The current methods for the estimation of creatinine in blood depend upon 
the red colour reaction of creatinine with alkaline sodium picrate. Folin (2) 
first described a method based on this reaction, and, with some modification, 
this method is used to-day. Behre and Benedict (1) concluded that creatinine 
was absent as such in human blood, and that the Folin reaction was due to 
a ‘‘creatinine chromogenic substance.’’ Gaebler too (4) concluded that creati- 
nine is not present in human or dogs’ blood, but that there is present a pre- 
cursor of creatinine (not creatine), which, after adsorption with Lloyd’s re- 
agent and subsequent liberation by magnesium oxide, is converted to creatinine. 
After this treatment creatinine can be isolated in the form of its crystalline 
compounds. According to Gaebler, impaired renal function is accompanied by 
an accumulation of the creatinine precursor in the blood, but the question of 
the relationship between urinary creatinine and the creatinine precursor in 
blood was not established by him. 

Despite the doubts that surround the identity of the substance being esti- 
mated, blood creatinine estimations are of frequent clinical application. In 
examination of the blood of diabetic patients, both in a precomatose condition 
and during their recovery, it was found that they all had initially a very high 
blood creatinine as estimated by Myers’ method (5). Their blood urea values 
ranged from 40 to 80 mg.%. Upon treatment, and concurrently with the 
patient’s progressive recovery, the blood urea values declined to normal or 
nearly normal figures in two or three days, and simultaneously the blood 
creatinine values fell to a remarkable extent, as may be seen in Table 1. 


TABLE 1. 


Blood Creatinine Values by Myers’ Method of Diabetic Patients 
on successive days. 


The question of the accuracy of these figures is discussed below. 


Patient. Ist day. 2nd day. 3rd day. 4th day. 5th day. 
1 7-23 3-82 2-92 
2 6-7 3-7 
3 7-27 5-0 — 5-82 2-11 
4 6-0 4-17 4-35 
5 6-0 4-2 _ 5-0 _ 


1 Working under the T. E.. Rofe Foundation. 
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As, in general, the range of variation of creatinine was paralleled by the 
blood sugar values, it was suspected that glucose might, when present in suffi- 
cient concentration, give rise to erroneous creatinine results. It was observed 
that the solutions in which the colour was being developed for comparison with 
the creatinine standards gradually darkened and acquired a red colour. On 
standing for some hours they became in the most marked instances a deep red 
colour. The commencement of this phenomenon of darkening of the solutions 
was noticed in some eases before the end of the 8-minutes period that must 
elapse after the addition of sodium hydroxide before the colours developed in 
creatinine solutions may be compared with the standard. The results, there- 
fore, obtained by making the colorimetric comparison at the end of the usual 
8-minutes period for colour development were not accurate. When the plasma 
and corpuscles of blood which showed darkening were separated and analyzed 
for creatinine by Myers’ method both gave the typical darkening effect to a 
similar degree. Therefore the substance responsible is present in both plasma 
and corpuscles in similar quantity. 


The Effect of Added Glucose on the Colour of the Solution for Blood Creatinine. 


An addition of 0-1 ¢.c. of a 4% solution of glucose to 1 ¢.c. blood was made. 
The glucose solution was placed in a centrifuge tube, then the blood was added, 
haemolyzed with four volumes of water and precipitated with picrie acid in the 
usual way. The results in Table 2 show that the addition of glucose causes the 


TABLE 2. 
The Effect of Aaded Glucose on Blood Creatinine Estimation. 


Creatinine 


Technique. m.g. % Remarks. 
1. Myers’ method 3-68 No darkening. 
2. Myers’ method, with glucose added to in- 
crease blood sugar by 0-4% .. 3-79 Colour comparison at 11 min. 
4-46 Colour comparison at 25 min. 


Darkened greatly in a few hours, 


3. Myers’ method, using blood incubated 1 hour 
at 37°C, before analysis as aA 3-68 No darkening. 


4. Myers’ method, with glucose added to in- 
crease blood sugar by 0-4%, and then 
incubating 1 hour at 37°C. before 
analysis .. ee ee 


-61 Darkened greatly in a few hours, 


appearance of the phenomenon of darkening. The full effect of glucose is mani- 
fested immediately on its addition to the blood for one hour’s ineubation at 
37°C. (test number four) did not give rise to greater or more rapid darkening 
than that found in test number two, in which the analysis was proceeded with 
immediately after the glucose was added. <A control test (number three), with 
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blood incubated at 37°C. for one hour, gave the same creatinine reading (within 
the limits of experimental error) as test number one, and no darkening ensued. 
In test number two the first reading, taken at 11 minutes, showed a very slight 
increase above the result of the other tests, but that taken at 25 minutes showed 
a marked increase. Therefore in this instance the addition of glucose to the 
blood, although giving rise to the darkening effect, did not prevent accurate 
readings of the creatinine being obtained. In some instances below, however, 
the darkening effect in blood with a high glucose content was manifested much 
earlier and more rapidly, and seriously affected the accuracy of the creatinine 
estimation. 


The Effect of a High Blood Sugar on the Estimation of Blood Creatinine. 


A specimen of blood taken from a diabetic patient who was in a precoma- 
tose condition had a sugar content of 0-49% (one hour later it was 0-56%) and 
a urea content of 86 mg.‘c. An estimation of creatinine by Myers’ method 
gave a result of 5-82 mg.%. It was observed that the solution was darkening 
progressively, and therefore the estimation was repeated, readings being taken 
at the various periods after the addition of sodium hydroxide as shown in the 
“Time, mins.” column of Table 3. With a standard of constant colour the 


TABLE 3. 
Creatinine Estimations (by Myers’ Method) on a Specimen of Diabetic Blood 
containing 0-49% Glucose. 


Time. Creatinine 
Technique. mins. m.g. % Remarks. 
1. Myers’ method . oe se 8 5-82 Solution darkening. 
2. Myers’ method . 64 5-27 Solution darkening. 
7 5-40 In a few hours it became a 
very deep red. 
74 5-67 
103 6-00 
124 6-67 
3. Myers’ method, with glucose 
added to increase the blood 
sugar by 0-4% aa i 83 6-40 The solution darkened even 
more than that of test 
number 2. 
15 8-00 


comparison of a solution of such rapidly increasing intensity of colour as that 
of this test cannot have any quantitative significance whatever. The addition 
of glucose to the large amount already present resulted in further increases in 
the apparent creatinine readings, and indicated definitely that an abnormally 
high glucose content of blood is an interfering factor in Myers’ method of 
creatinine estimation. 
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The Removal of Glucose from Blood before Creatinine Estimation. 


In Table 4 are shown the results obtained from blood before and after the 
removal of glucose by fermentation. The technique of Somogyi (6) was fol- 
lowed. The creatinine values in all cases were lower after fermentation than 
before, although in cases three and four the differences were quite small. 
Removal of the glucose completely prevented the solutions from darkening to 
a red colour. Darkening was also absent when the blood was hypoglycaemic, 
as in test number three, taken from the same patient as that for test number two, 
but 24 hours later. The blood for test number four was also taken from the 
same patient, two days later than that for test number three. With the return 
of a raised blood sugar some darkening again occurred. 


TABLE 4. 


Showing (i) the Effect of the Removal of Glucose on the Estimation of Blood 
Creatinine; (ii) a Comparison of Creatinine Estimation by 
Myers’ and Folin-Wu Methods. 


Blood 
Method. sugar Creatinine Remarks. 
m.g. % 
1. a. Myers’ 1-00 8-24 Greatly darkened. 
b. Fermentation and Myers’ .. ah 7-00 Did not darken. 
Folin-Wu 5-06 Slightly darkened. 
d. Fermentation and Folin-Wu . 5-06 Did not darken. 
2. a. Myers’ = 0-77 Greatly darkened. 
b. Fermentation and Myers’ ie 6-14 Did not darken. 
d. Fermentation and Folin-Wu . “ee 4-48 Did not darken. 
3. a. Myers’ 0-05 3-82 Did not darken. 
b. Fermentation and Myers’ .. iis 3-60 Did not darken, 
Folin-Wu 3-75 Did not darken. 
d. Fermentation and Folin-Wu . - 3-75 Did not darken. 
4. a. Myers’ 0-20 2-92 Somewhat darkened. 
bh. Fermentation and Myers’ 2-62 Did not darken. 
¢. Folin-Wu 1-87 Did not darken. 
5. a. Myers’ Sie ie 0-49 5-82 Greatly darkened. 
b. Fermentation and Myers’ 2-44 Did not darken. 
¢. Folin-Wu 2-50 Darkened. 
d. Fermentation and Folin-Wu . 2 


Did not darken. 
The figures in italics are quite unreliable because the solutions were darkening appreciably 
when the readings were being taken. 
Comparison of Myers and Folin-Wu Methods for Creatinine Estimation in 
Diabetic Blood. 


In Table 4 have been inserted the creatinine values obtained by the Folin- 
Wu (3) method and a “fermentation and Folin-Wu” method on the same speci- 
mens of blood as those discussed in the last paragraph. For the latter the 


> « 
| 


CREATININE IN DIABETIC BLOOD 207 


fermentation was done in the same way as with the Myers method, except that 
Folin-Wu filtrate was used in place of haemolyzed blood. After the removal of the 
yeast by centrifuging the supernatant fluid was treated in the usual Folin-Wu 
manner for the estimation of creatinine. The final solution for colorimetric 
comparison in the Folin-Wu method was found, in those cases with very high 
blood sugars, to darken after the manner of the solution of the Myers’ method, 
but so much more slowly and to such a lesser degree that no abnormal darken- 
ing had begun when the colorimetry was completed. They gave the same 
creatinine values as the Folin-Wu filtrates from which the glucose had been 
removed by fermentation. In the latter the darkening did not occur at all. 
Therefore a high glucose content of a blood does not interfere with the accuracy 
of its creatinine estimation by the Folin-Wu method. On the other hand, the 
application of Myers’ technique, even after the removal of glucose by fermen- 
tation, often yields much higher creatinine values than the Folin-Wu method 
(Table 4, cases 1 and 2), although no interference with the aceuraey of the 
colorimetry by progressive darkening of the solutions is experienced. 


CONCLUSIONS. 


In the estimation of creatinine in diabetic blood by Myers’ method there 
are two possible sources of error: (i) in abnormal darkening of the solution for 
colorimetric comparison which depends upon the high glucose content of the 
blood, and (ii) the presence in the blood of a chromogenic substance, not 
creatinine or a precursor of creatinine, which is not precipitated by picrie acid. 
The removal of glucose by fermentation with veast offers an easy method of 
avoiding the first error, but leaves the second error, of variable and unknown 
magnitude, uncorrected. This error is detected only by the fact that the Folin- 
Wu method, which does not fail to estimate all the creatinine in the filtrate 
from the tungstie acid deproteinization of blood, may give lower readings than 
the Myers method. Although the abnormal darkening encountered in creatinine 
estimations in high-glucose diabetic bloods affects both the Myers and the 
Folin-Wu methods, in the latter it is of much smaller degree and slower rate 
of development. It has not begun to manifest itself by the time the 8-minute 
period after the addition of sodium hydroxide has elapsed. Therefore removal 
of the glucose from a Folin-Wu filtrate of a high-glucose diabetic blood by fer- 
mentation is not a necessary step. The Folin-Wu method will give an accurate 
result without any modification. 
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EXPERIMENTAL HYPERINDICANAEMIA AND ITS 
RELATION TO URAEMIA 


by 
M. 8. S. EARLAM AND ADOLPH BOLLIGER 
(From the Department of Urology, Royal Prince Alfred Hospital, Sydney). 


(Submitted for publication 7th September, 1931.) 


INTRODUCTION. 


Hyperindicanaemia, a constant feature of uraemia, has received some con- 
sideration as its possible chemical basis. Klein (6), on the evidence of a careful 
clinical study, considers it not to be a very likely cause, an attitude which more 
or less represents current opinion. Definite proof could only be supplied by 
injection of indican into healthy animals. The only such experiments we can 
find recorded are those of Haas (4), who injected up to 40 mgs. in dogs and 
humans, a dosage which, as might be expected, proved perfectly harmless. 
Since an adequate supply of indican (Merck) recently became available to us, 
it was decided to utilize it for the purpose of raising the blood-indican in a 
series of experimental animals to a level at least as high as that obtaining in 
severe uraemia, and to determine whether or not it might possess any toxic 
properties. 


TECHNIQUE. 


Dogs were used for purposes of experiment. Of these some were normal, 
some had slight renal insufficiency with or without nitrogenous retention, while 
others were uraemic, following experimental procedures fully detailed below. 
In all instances save one. when it was given rectally, the indican was injected 
into the external saphenous vein in 1% to 4% sterile aqueous solution. 

For the blood-indican estimations, the Jolles-Haas technique, as quoted by 
Klein (7), but slightly altered to suit the existing requirements, was used. To 
2 c.c. of oxalated plasma, diluted with an equal volume of distilled water, 4 ¢.e. 
of 20% trichloracetic acid were added, and the mixture centrifuged. To 5 ¢.c. 
of the supernatant fluid were added 0-5 ¢.c. of 5% thymol alcohol and 16 ¢.c. 
of Obermayer’s reagent (4 grms. ferric chloride in 1 litre of concentrated hydro- 
chlorie acid). After standing for two hours, 5 ¢.c. of chloroform were added, 
the mixture being well shaken from time to time during the following few hours 
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to ensure extraction of all the indican. The chloroform extract was then com- 
pared colorimetrically with a similar extract derived from a standard solution 
of known indican content. 

This technique was sufficiently accurate for the greater part of the investi- 
gation. If low figures were expected, 4 ¢.c. of plasma, undiluted with water, 
were used, and occasionally only 2 ¢.c. of chloroform were used for the extrac- 
tion. Where very high readings were expected, a smaller amount of filtrate 
(1 or 2 @.c.) was taken. 

The Andrewes reaction was determined in a fair proportion of cases, using 
Andrewes’ technique as modified by Hewitt (5). 


EXPERIMENTAL RESULTS. 

In the first instance normal dogs were used. and are listed in Table 1. In 
the first experiment a moderate dosage of indican was administered intra- 
venously, calculated to raise the blood-indican to a level rather higher than 
that obtaining in severe uraemia. A value of 6 mgs. per 100 ¢.¢. plasma was 
obtained fifteen minutes after injection, but no untoward symptoms ensued. In 
the three succeeding dogs progressively larger doses were administered, result- 
ing respectively in values of 13, 33. and finally 483 mgs. indiean per 100 ©.c. 
shortly after injection. In each case exeretion of the injected indiean was 
rapid, there being, save in the dog which had the enormous concentration of 
43 mgs., no evidence of its presence in the blood-stream two hours after inject- 
tion, and in no case could the slightest untoward effect be detected at any time 
during or after the injection. 

In view of the extremely rapid excretion observed in the normal dog, it 
was decided to study the effect of similar injections on a small series of dogs 
suffering from mild renal insufficiency sustained during the course of other 
experimental work in progress at the time. Such insufficiency, resulting in 
delay in the exeretion of the intravenously injected indiecan, would provide 
greater opportunity for evidence of any possible toxic properties to be forth- 
coming. This group of experiments is summarized in Table 2. In all four 
experiments indican retention for a longer period than previously observed, 
following a corresponding dosage in the normal animal, was definitely present, 
in one instance not less than 4 mgs. per 100 ¢.c. plasma being continuously 
present during the six hours following injection. This animal had had bilateral 
uretero-intestinal implantation carried out; under these conditions, as will be 
more fully brought out in a subsequent communication from this laboratory, 
quite an appreciable amount of reabsorption follows and accompanies the 
exeretion of urinary constituents into the large bowel, this factor, rather than 
actual renal insufficiency. being responsible for the indican retention. Neither 
this animal nor any other in the group displaved anv untoward signs following 
injection, though again very high indican levels were produced. 
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A further attempt was made to obtain evidence of any toxic action of 
indican due to its action over a still longer period of time by its repeated admin- 
istration rectally to the same dog, and in order to obtain as much retention as 
possible, another animal which had been subjected to bilateral uretero-intestinal 


implantation was selected, whose blood-urea at the time of experiment was 
76 mgs. per 100 ¢.¢. This experiment is summarized in Table 3. Over a period ' 
of 48 hours a total amount of 3-8 grms. of indican was administered rectally in 


four doses, and was each time quite satisfactorily retained, resulting in a con- 
tinuous elevation of the blood-indican, which ranged from a trace to 9 mgs. 
per 100 ¢.c. plasma. Once more the dog failed to show the slightest untoward 
effect. 
Further experiments were next carried out on two dogs, each of which had P 
had one kidney subjected to a heavy dosage of X-rays some time previously, as 
deseribed in an earlier communication (2). Under these circumstances the 
irradiated kidney is unable to support life alone after a period of forty days 
from the date of irradiation, opposite nephrectomy if carried out after this 
stage being equivalent to bilateral nephrectomy in a normal dog, and resulting, 
in all dogs studied, in uraemic death, either three or four days later. The 
experiments on these two dogs are summarized in Table 4. The healthy kidneys i 
were removed, respectively, at 73 and 153 days after irradiation, after which a 
large dose of indican was administered intravenously to each, with the object . 
of observing whether or not it would, by virtue of any possible toxic action, 
hasten death. In spite of a continuous elevation of the blood-indican to a clinic- 


ally impossible level, in neither case was death accelerated. It occurred in each 
instance on the fourth day after nephrectomy, and the clinical course of the 


uraemia was exactly the same as previously observed in dogs subjected to the 
same experimental procedures, without the administration of indican. 

A last experiment (dog 12, Table 5) was carried out with the object of 
discovering whether indican possessed any toxic properties at all, not neces- 
sarily of importance in the symptomatology of uraemia. A 4% solution, a 
strength used several times previously, was slowly injected intravenously into 
a small dog, 5-8 kgs. in body-weight, which had had unilateral nephrectomy 
carried out several months previously, but was otherwise normal and in good 
condition. After 2,000 mgs. had been injected the animal vomited. The injec- 
tion was slowly continued, and after 3,600 mgs. had been given it became 
drowsy and showed signs of air-hunger. Injection was stopped, the air-hunger 
rapidly became intensified, and the dog died a few minutes later with marked 
and extreme dypsnoea and generalized convulsions. Post-mortem the blood- 
plasma was found to contain 215 mgs. indican per 100 ¢.c. The bile was also 
examined, and contained 125 mgs. 

In the course of five of the above experiments (3, 5, 6, 7, 10), simultaneously 
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with the indican estimations, determinations of the Andrewes reaction were 
carried out, to the number, exclusive of those vitiated by haemolysis, of twenty- 
four. The observation was made that while in the presence of the artificial 
hyperindicanaemia the reaction was practically constantly obtained, the colour 
was not so intense, and its duration was not so long as would be expected from 
a consideration of the amount of indican present in the plasma. In only five 
instances was a “+-+--++” reaction obtained, the indican in each case being in 
excess of 20 mgs. per 100 ¢.c.; there were five “+ --” reactions, with amounts 
of indican ranging from 8 to 23 mgs., while only a weak (‘*+’’) reaction was 
obtained with indican values as high as 13 mgs. 


DISCUSSION. 
Technique. 

In a previous communication (3) attention was called to a deep blue com- 
pound extracted by chloroform after the Andrewes and Jolles reagents had 
been added to an alcohol or a trichloracetic acid filtrate. This colour was 
thought to be closely related to 4-cymol 2-indolindolignon, and consequently to 
the indican present in the blood. With increasing renal insufficiency, accom- 
panied by increased indican values, the unknown blue colour appeared to in- 
crease in intensity, and it was felt that the reaction could well be elaborated to 
a colorimetric method of indican estimation, which, on account of the depth of 
colour obtained, would be preferable to the present method. Due to lack of 
crystalline indican, however, nothing further was attempted. When a supply 
of indican became available, it soon became evident that the blue colour in the 
chloroform extract had no relation to the indican content of the blood, and we 
hope to report on its significance at a later date. Consequently in the present 
study we had to rely on the modified Jolles method as already detailed. 


Hyperindicanaemia and Uraemia. 

Under normal conditions, on account of its rapid excretion by the kidneys, 
indiecan is met with in the blood only in traees, and, as we have repeatedly 
observed, in the normal fasting dog it cannot be detected at all by the Jolles 
technique described. The rapidity of its elimination is also well seen in the 
healthy animals listed in Table 1, so that the value of its detection in the plasma 
by techniques such as the Andrewes or Jolles reactions, which are not remark- 
able for their sensitivity, can be readily appreciated as an indication of severe 
renal disease. 

In severe uraemia in the human being, Obermayer and Popper (8) observed 
to 6-0 mgs. per 100 ¢.c. plasma, and Klein 
reports values up to 5 mgs. Our own results, obtained from time to time on 
dogs suffering from experimental uraemia, are also in accord with these figures, 
and, like other workers, we have repeatedly observed that quite severe uraemia 


indiean values ranging from 3:7 
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can occur without the presence of indican in maximum amount. In the course 
of practicaily every one of the present experiments indican was present in the 
plasma in amounts definitely in excess of the highest values recorded, to our 
knowledge, in renal disease, in one experiment (dog 4) seven times the highest 
value above mentioned being present. On the experimental evidence that we 
have put forward, namely, that enormous single doses of indican, intravenously 
injected, were harmless to healthy animals, or to animals with slight impair- 
ment of renal function, that repeated administration to the same animal over a 
period of forty-eight hours, during practically the whole of which time the 
indican content of the blood was the equivalent of that obtaining in uraemia, 
produced no untoward effects whatever, aud that administration in two instances —- 
of a large dose of indican after a procedure equivalent to bilateral nephrectomy P 
did not hasten death, the retention of indican in the organism in renal disease 
cannot be regarded as contributing in any way to the symptomatology of 
uraemia. 

The indican values in the two animals in Table 4 are not in mutual agree- 
ment, a marked rise occurring in one case and in the other a marked fall after 
administration. Whatever the explanation of this may be, it does not affect 
the present conclusions drawn. 


Toxicology. 

The toxic action of the potassium ion is well known, ventricular fibrillation 
and heart failure occurring if the concentration of potassium in the blood- 
plasma is raised to two and one-half times its normal value (7). Dog 12 re- 
ceived indican containing 560 mgs. of potassium. As a control experiment a 
healthy dog, weighing 7-7 kgs. was given an intravenous injection of 0-7 grin. 
of potassium chloride in 10% solution. This dog died exactly in the same man- 
ner as did dog 12, in which we therefore consider it justifiable to assume potassium 
poisoning to have been the cause of death. The only adverse effect, therefore, 
that indican retention can have is a very insignificant share in the augmentation 
of the potassium ions in the blood-plasma which occurs in renal disease (1). 


The Andrewes Reaction. 
The results of the series of estimations of the Andzewes reaction are of 
interest. In view of the absence of any exact relationship between the amount 
of indican in the blood and the duration of the reaction, and the relatively weak 
Andrewes reactions, which, contrary to expectations, were in many cases 
obtained, and assuming that external factors, such as haemolysis, which would 
interfere with the reaction were quite absent in our experiments, as they appar- 4 
ently were, it appears that the Andrewes reaction, which is a very delicate one, 
may be influenced and intensified in uraemie blood by secondary factors other 
than hyperindicanaemia, its primary cause. 
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SUMMARY. 


1. In a series of normal dogs and dogs suffering from mild renal insufii- 
ciency artificial hyperindicanaemia was produced by intravenous, and in one 
instance by rectal, administration of indican solution. 

2. Rapid absorption from the large bowel was found to occur, while under 
normal conditions elimination by the kidneys is extremely rapid, but less so in 
the presence of renal insufficiency. 

3. The presence of indican in the plasma in amounts several times greater 
than the highest vet recorded in fatal uraemia caused no untoward effects what- 
ever. 

4. Intravenous injections of large amounts of indican after a procedure 
equivalent to bilateral nephrectomy did not hasten death or influence in any 
way the progress of the ensuing uraemia. 

5. Though indican in larger doses still does possess toxic properties, these 
are probably due to the presence of potassium, and indican retention as a pos- 
sible factor in the symptomatology of uraemia can be discounted entirely. 

6. The experimental hyperindicanaemia was found to result in a positive 
Andrewes reaction, which, however, was on the whole of less intensity than 
that observed in the presence of uraemia. 


TABLE 1. 


Blood 

Body- Indican Indiean Blood-Indican after Injection. 

weight injected before (mgs. per 100 ¢.c. plasma). Untoward 
Dog. (kg.). (mgs.). Injection Smins. limins.30mins. Lhr. 2hrs. 3 hrs, 24 hrs. effects. 
1 10-1 70 0 ~— 6 5 4 0 0 -- Nil 
9-7 160 0 13 0 0 Nil 
«10 1,000 0 33 — 15 0 Nil 
4 10-S 1,300 0 43 — 25 9 4 Trace 0 Nil 

TABLE 2 


Blood-Indican After Injection 


Blood- (mgm. per 100 ces. plasma). 
Body-  Indican Indican =G 
weight injected before Experimental 5 

Dog. (kg.) (mgs.). injection. 2 2 2 = FF lesion. 

300 0 ——13—-— 9 7 3—— — 40 X-ray Ne- Nil 

phritis. 

6 18-2 250 trace 5 S— 5S 4+ 4 4trace 62 Bilateral Nil 
uretero- 
enterostomy. 

7 7-0 300 a 32 — — — 18 — 4tr. O— — 30 Partial li- Nil 
gation of 
renal artery 
and opposite 
nephrectomy. 

8 13-7 900 0 2% 16— 13— 6 3tr.5hr. — 34 Ligation L. Nil 

faint Ureter. Re- 
trace implantation 
L. ureter 
R. Nephrec- 
tomy. 


Days between X-ray and 


cpposite nephrectomy, 


Dog. 
Body-weight (kgs.). 


te 
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TABLE 3. 


Body-weight = 10-2 kgs. Bilateral uretero-enterostomy. 


Blood-urea = 76 mgs. 
Mgs. Indican 


Time. given rectally. Blood-indican (mgs. ) 
10.0) a.m. — 0 
10.30 acm. 
11.15 a.m. — 3 
1.30 p.m. 
2.50 pom. 1,000 
3.30 p.m. 10 
10.30 a.m. 1,000 Trace 
2.0 p.m. — 6 
4.40 p.m. — 2 
4.45 p.m. 1,000 — 
4.50 p.m. — 2 
6.0 p.m, 9 
10.00 a.m. - 1 
TABLE 4. 
Z 
= Blood-Indican 
(mgs. per 100 ¢.c, Plasma) 
= ees after nephrectomy. 
2 days Period of 
5’, 30° survival 
60°, 150° P.M. (days) 
= = after (4th Ex- 
= mien = injection. 3days 4days day) pected. Actual 
300 =3 hours 16 18 24 28 3-4 4 
Blood-urea (mgs.) 180 311 510 
1,000 22 hours 0 37 23 23 26 s & 13 3-4 4 
Blood-urea (mgs.) 183 198 282 430 481 


TABLE 5. 


Body-weight Indicaninjected Blood-indican (mgs. per 100 ¢.e. plasma), 
(kgs.). (mgs. ). Before injection. After injection. 
5-8 3,600 0 215 


Day of , 
Experiment. 
PZ, 
ll 153 
« 
Dog. 
12 
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THE HOST SPECIFICITY OF HAEMONCHUS 
CONTORTUS OF SHEEP AND CATTLE 


by 


I. CLUNIES ROSS 


(MeMaster Animal Health Laboratory, Council for Seientifie and Industrial 
Research, University of Sydney). 


(Submitted for publication 28th September, 1931.) 


[t appears to have been assumed generally that Haemonchus contortus of 
sheep and cattle are not only morphologically but also biologically identical, and 
that cross-infestation of either animal with the parasite of the other freely takes 
place. In support of the theory that there is but a single strain of the parasite, 
Stoll (1930) has found that H. contortus is readily transmissible from goats to 
sheep. Owing to this fact it has not been thought possible to advocate the rota- 
tion of sheep and cattle with the object of limiting the degree of infestation on 
pastures with the parasite of either. Nevertheless, owing to the fact that adult 
cattle are very rarely heavily parasitized by H. contortus, there are some who 
suggest that it is practicable to use adult cattle on heavily contaminated pastures 
with the object of reducing the degree of infestation for sheep subsequently 
placed on them. 

Moreover, the growing body of evidence in regard to what are probably 
biologically distinct but morphologically identical strains of Ascaris lumbricoides 
in man and the pig has drawn attention to the unsoundness of presupposing 
biological identity on morphological grounds alone. Thus Koino (1922) was un- 
suceessful in setting up cross-infestation of man and the pig with the Ascaris of 
the other, while Caldwell and Caldwell (1926), as the result of an epidemio- 
logical survey, found what was to them conclusive evidence of the existence of 
separate strains of the parasite. Payne, Ackert, and Hartmann (1925) consid- 
ered that, whereas originally there existed a single strain of A. /umbricoides, with 
which either man or the pig might be freely parasitized, as a result of specific 
host adaptation throughout countless generations, separate strains have evolved 
which are now biologically distinct. Sandground (1929), in summarizing the 
known facts in regard to this phenomenon, has suggested alternatively that 
A. lumbricoides was originally a parasite of man, and has but recently become 
associated with the pig. and that, as vet, the parasite is but poorly adapted to 
survival in that host, as is suggested by the difficulty in setting up experimental 
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infestation, even with eggs of A. lwmbricoides of porcine origin. Buckley (1931), 
however, has again produced evidence suggesting the existence of separate strains 
rather than an abnormal host-specificity relationship of a single strain. 

These facts suggest the desirability of determining, if possible, whether the 
H. contortus of sheep and cattle are biologically distinet, or, if there is a single 
biological strain, whether the degree of suitability of either host for the parasite 
varies to any marked degee. 


EXPERIMENTAL METHOD. 


It was decided, in the case of lambs, to work as far as possible with parasite- 
free lambs, that is, ones which had been reared from birth under conditions which 
practically precluded the possibility of them becoming infested with any hel- 
minth parasites other than Strongyloides spp. New-born lambs were taken and 
penned in cages, as suggested by Veghia (1928), such pens being raised off the 
ground and capable of being hosed out each day. The lambs were allowed to 
suckle freely from their mothers after the udders and thighs of the latter had 
been clipped and washed. In spite of these precautions all lambs housed in this 
way rapidly became infested with S/rongyloides spp., but none showed other eggs 
in faeces or larvae in cultures until such time as these might have been expected 
as a result of the experimental infestation. Since it was only possible to rear a 
small number of lambs with these precautions, another series, which was reared 
in ordinary yards which were hosed out daily, was also used to supplement the 
results obtained in the test series (see Experiment 2). Frequent faecal exami- 
tions and cultures were made to determine in these that the degree of infestation 
set up was the result of the larvae experimentally administered. 

In the case of calves it was not practicable to employ newly-born animals or 
to rear them under the same strict precautions as in the case of lambs, and this 
fact handicapped the determination of the exact degree of susceptibility of calves 
to infestation with calf Haemonchus. Where calves were found to show larvae 
of H. contortus on culture they were repeatedly treated with tetrachlorethylene 
until such larvae no longer appeared on culture. 


Method of Infestation. 

Pure cultures of H. contortus of ovine or bovine origin were obtained by 
incubating female worms, obtained from the abomasa of sheep and cattle, in 
normal saline at 27°C. overnight. The eggs laid were then collected and washed 
in tap-water, and then added to faeces previously rendered sterile for helminth 
eggs by heating to 70°C. for at least 20 minutes. All cultures were tested for 
purity before being used for infestation by washing larvae off the glass wall of 
the culture jar and examining some hundreds of them. Larvae were counted by 
pipetting off small quantities at a time on to a slide and counting under a binocu- 
lar miscroscope, and then washing these into a drenching flask, from which the 
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animals were drenched. All flasks were washed out several times to ensure that 
the larvae counted were actually administered. In Experiments 2 and 4, where 
large numbers of larvae were employed, they were obtained by culturing the 
faeces of sheep with known heavy experimental infestations of H. contortus of 
ovine origin. In sheep the determination of H. contortus larvae is easy, so that 
the numbers of larvae given could be estimated accurately, even though the 
cultures were not pure. 

Experiment 1. Lambs 1 and 2, reared under parasite-free conditions, were 
drenched with 1,000 larvae of H. contortus of ovine origin, the culture being 14 
days o'd. Lambs 3 and 4, reared under similar conditions to 1 and 2, were 
drenched with 1,700 and 1,560 larvae of bovine origin, the culture being 10 days 
old. Lamb 5 was kept as an uninfested control. 

Calf 1 (four months old) was drenched with 2,000 larvae from the same 
culture as that from which the larvae administered to Lambs 1 and 2 were taken. 

At the beginning of the trial the faeces of all lambs were negative for all 
helminths except Strongyloides spp., both by D.C.F. examination for eggs and 
by faecal culture for larvae. The faeces of Calf 1 showed occasional larvae either 
for H. contortus or Monodontus trigonocephalus, and before treatment the 
animal was therefore drenched twice, at one week’s interval. with 20 ¢.c. tetra- 
chlorethylene. This calf was not kept in a concrete pen after the larvae were 
administered, but was allowed to graze over pastures heavily stocked with sheep 
infested with H. contortus. 

Twenty-four days after infestation, cultures of faeces from Lambs 1 and 2 
showed occasional H. contortus larvae, these rapidly increasing in number in 
subsequent cultures, while by the 50th day Lamb 1 was passing 13,200 eggs per 
gramme of faeces. and Lamb 2 4,400 eggs per gramme, as shown by the Stoil 
(1923) egg-counting method. 

Faeces of Lambs 3 and 4 remained negative for all strongylid eggs and larvae 
until the 26th day, when occasional H. contortus larvae were found in cultures. 
Egg production rapidly increased, and by the 37th day Lamb 3 was passing 10,000 
eggs per gramme and Lamb 4 7,000 eggs per gramme. 

The faeces of Calf 1 showed occasional strongylid eggs from the time of 
infestation, but these showed no appreciable increase until the 46th day. Cultures 
showed oecasional larvae, but whether of H. contortus or M. phlebotomus could 
not be determined definitely. 

Lambs 1 and 2 were autopsied on the 51st day, as was the control, Lamb 5. 

Lamb 1 was found to be infested by 458 H. contortus, no other worms being 
present in the abomasum. Of the worms found 200 were males and 258 females. 

Lamb 2 contained 68 H. contortus, 34 being male and 34 female, no other 
worms being present other than Strongyloides spp. 

Lamb 3 was killed after 79 days, and was found to contain 518 H. contortus, 
of which 222 were males and 293 females. 
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Lamb 4 was killed after 80 days, and contained 487 H. contortus, 207 being 
males and 280 females. 

Lamb 5 contained 1 Osterlagia circumceincetla. 

Calf 1 was killed after 46 days, and contained 3 immature female H. con- 
fortus in the abomasum. A small number of Wonodontus phlebotomus were pre- 
sent in the small intestine. 

It is seen that in two young lambs receiving each 1,000 larvae of H. contortus 
of ovine origin, 458 and 68 worms developed, that is, 48-29% and 6°38% respec- 
tively. In two lambs receiving respectively 1,700 and 1,560 larvae of H. contortus 
of bovine origin, 515 and 487 worms developed, or 30°3% and 31-2% respectively. 

In one calf to which 2,000 H. contor/us were administered, the animal being 
allowed to graze subsequently over pastures heavily contaminated with sheep 
H. contortus, three small female worms were found. Thus in this animal only 
0-15% of larvae at the most developed. 

It is obvious that infestation of lambs with 7. con/ortus larvae derived from 
cattle may be readily brought about, a large percentage of such larvae develop- 
ing. In the case of the one calf in the experiment there was an indication of a 
considerable degree of resistance to infestation with H. contortus of sheep, even 
though this animal must have been exposed to repeated risk of infestation other 
than from the actual larvae with which it was drenched. 

Even in the case of young lambs not previously infested a remarkable varia- 
tion in the individual degree of resistance to infestation with sheep H. contor/us 
was shown. 

Experiment 2. In view of the low percentage of sheep larvae developing in 
Lamb 2 in the first experiment, it was decided to see whether such a variation 
Was in any way usual in young lambs. Four lambs, three months old, which had 
not been kept under parasite-free conditions, but which were shown by repeated 
egg counts and faecal cultures to be negative for H. contortus, were selected. 
These lambs were then infested at weekly intervals with 500 or 1,000 larvae, of 
which from 95-99% were H. contortus, a total of 6,500 larvae being administered. 

All lambs showed steady and comparable increases in the degree of infesta- 
tion with H. contortus from the third week after infestation was commenced, and 
after nine weeks all lambs showed from 20,000-40,000 eggs per gramme of faeces, 
cultures in all cases showing from 96-99% H. contortus larvae. Three lambs 
died in the 11th, 13th, and 16th weeks respectively, and on post-mortem these 
were found to contain 2,500, 3,062, and 4,000 H. contortus. The remaining lamb 
was found to be passing 60,000 eggs per gramme of faeces in the 16th week, and 
was treated with an anthelmintic, but died four days later. Thus, of the three 
lambs examined post-mortem, it was found that approximately 38%, 47% and 
62% of larvae administered had developed to maturity, while in the remaining 
animal there is no doubt that at least a comparable number had developed also. 

Experiment 3. Three calves, three to four months old, and running till this 
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time under uncontrolled conditions, were penned in concrete yards, and their 
faeces examined by D.C.F. methods and by culture. All were found to show num- 
bers of larvae thought to be those of H. contortus. The calves were treated four 
times in eighteen days, once with 5 ¢.c. and three times with 10 ¢.c. tetrachlorethy- 
lene, and again seventeen days later with 10 ¢.c. tetrachlorethylene. On recultur- 
ing their faeces occasional larvae, thought to be those of //. contortus, were found. 
In view of the possibility of these larvae being those of some other intestinal 
nematode, it was decided to infest two of these animals, one with sheep H. con- 
tortus and one with calf H. contortus, keeping the other as a control. 

Calf 2 was drenched with 1,000 larvae of a pure culture of H. contorlus of 
bovine origin; Calf 3 with 1,000 larvae of a pure culture of H. conlortus of 
ovine origin; and Calf 4 was uninfested. 

The faeces of all three calves were examined by D.C.F. methods and by 
Stoll’s egg-counting method at frequent intervals, and showed no definite in- 
creases in the number of strongylid eggs present in the faeces at any stage up 
to eight weeks after treatment, when the calves were autopsied. 

Calf 2 was found to contain 131 H. contortus, as well as numbers of Mono- 
dontus trigonocephalus, Oesophagostomum radiatum, Nematodirus, spp., ete. 

Calf 3 was found to contain 4 H. contortus, as well as several other species 
of intestinal nematodes. 

Calf 4 contained 154 H. contortus, as well as several other species of nema- 
todes. 

Unfortunately, owing to the fact that the control animal contained 154 H. 
contortus, it cannot be suggested whether the 131 H/. contortus found in Calf 2 
resulted from the larvae administered or from a prior infestation. It can only 
be stated that at most 13-19% of larvae of bovine H. contortus developed,. though 
it is possible, and even probable, that a very much smaller percentage than this 
did so. 

In the case of Calf 3, however, it is at least certain that no more than 0°4% 
of the 1,000 sheep H. contor/us larvae administered developed to maturity, though 
it is possible that the proportion was even smaller than this. 

Experiment 4. Two calves, of which one was approximately one month and 
one four months old respectively, were penned in a concrete floored pen. The 
faeces of both showed moderate numbers of strongylid eggs, but these were judged 
to be chiefly those of Cooperia spp., as were the larvae in cultures, rather than of 
H. contortus. 

Calf 5 (one month old) and Calf 6 (four months old) were both exposed to 
infestation by larvae of H. contortus of ovine origin as follows. 

Calves 5 and 7 were drenched on the first day with 10,000 larvae from a 
culture of larvae from sheep faeces, containing 90% H. contortus larvae and 
10% other larvae (Ostertagia spp. and Oesophagostomum spp.), on the 5th day 
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with 10,000 larvae, of which 99% were H. contorfus, and on the 8th day with 
5,000 larvae, and on the 10th day with 5,000 larvae from the same culture as on 
the 5th day, making an approximate total of H. contortus administered of 28,800. 

The number of eggs present in the faeces of calf 6 showed no appreciable 
change for the 30 days after the first dose, but the number of eggs passed by 
Calf 5 rose slightly on the 30th and 31st days. 

On autopsy Calf 5 contained 2,350 H. contortus, or 8-7% of the total larvae 
administered, and numerous Cooperia spp. 

Calf 6 contained no H. contorfus and numerous Cooperia spp. 

In the two calves, therefore, worms representing 8-7% and 0% of the larvae 
administered were found on autopsy. It again cannot be determined definitely 
whether all the H. contortus found in Calf 5 were derived from the larvae admin- 
istered, but in view of the fact that the great majority of them were obviously 
young specimens it is probable that this was so. 


GENERAL DISCUSSION. 


It is seen that infestation of lambs by H. contorfus, either of ovine or 
bovine origin is readily brought about, and that as a rule a high percentage of 
such larvae develop to maturity. On the other hand. infestation of calves, at 
least with H. contortus of ovine origin, is much more difficult, and only in one 
case, in which a very young calf was used. did any appreciable number of larvae 
develop. No definite evidence was obtained as to the susceptibility of calves to 
infestation with H. contortus of bovine origin. The results obtained, set out in 
tabular form, are as follows: 


Type and Number of 


H. contortus larvae Number of larvae Percentage of larvae 
Host Animal. administered. developing. developing. 
Sheep. Cattle. 
Lambs 1 and 2 1,000 ea. 458 and 68 45-8 and 6-8 
Lambs 3 and 4 1,700 and 518 and 487 30-3 and 31-2 
1,560 
Lambs 6,7, and 8 6,500 2 500,3,062, and 4,000 38, 47, 62 
Calf 2 1,000 131 ? 13-1 ? 
Calf 1 2,000 3 0-15 
Calf 3 1,000 4 0-4 
Calf 5 28,800 2,350 ? 8-7? 
Calf 6 28,800 0 0 


It cannot be stated, however. that all worms found had developed from the 
larvae given to Calves 2 and 5. 

Consideration of these results suggests that the H. contortus of sheep and 
cattle are biologically identical. rather than that different strains of the parasite 
have been developed in these animals, since sheep may be readily infested with 
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larvae derived from adults occurring in either host, a high percentage of such 
larvae developing to maturity. It is significant that in one calf which received 
very large numbers of sheep larvae, none of them underwent development. Even 
though evidence is lacking as to whether infestation of calves with larvae derived 
from cattle may be brought about more readily than with those from sheep, it 
is justifiable to hypothecate a single strain of H. contorius in both animals, but a 
variation in the degree of susceptibility of the hosts to infestation with this strain. 
If such a hypothesis be allowed, it may be suggested that H. contortus is primar- 
ily a parasite of the sheep, but has more recently become adapted to survival in the 
cattle, but without attaining a high degree of adaptation to that host, and without 
the development of a strain which is host specific. This would explain the fact 
recorded by one worker, and frequently noted by others in practice, that cattle 
over one vear old are very rarely heavily parasitized with H. contortus, and 
would support the evidence already available relating to age or acquired 
immunity to helminth parasites, namely, that such immunity is generally seen in 
animals parasitized by helminths not specifically adjusted to survival in them. It 
is admitted, however, that in the present experiments the resistance shown by 
calves to infestation by H. contortus derived from sheep does not permit of the 
determination whether such resistance is related to an age immunity or to an 
aequired immunity due to previous infestation. 

One practical conclusion to be drawn from these experiments is that, in view 
of the low susceptibility of cattle to sheep Haemonchus, it is possible to advocate 
the rotation of sheep and cattle in order to reduce the risk of infestation of the 
former. Owing to the very low survival rate in calves over four months old, 
such animals, when run on pastures contaminated with sheep Haemonchus, will 
very materially reduce the degree of infestation present on them. Where pos- 
sible it is advisable to use cattle over twelve months old for such rotation, since, 
in conformity with present knowledge of the phenomena of age and acquired 
immunity in relation to host parasite maladjustment, it is probable that in such 
animals the resistance to infestation would be even greater than was demon- 
strated in the present experiments. 


CONCLUSION. 


1. Lambs may be readily parasitized by H. contortus larvae of ‘ovine or 
bovine origin. 

2.°Calves are with difficulty parasitized by H. contortus larvae of ovine 
origin. 

3. In view of low susceptibility of calves to infestation by sheep Haemonchus, 
it is possible to advocate the use of cattle for the reduction of infestation of 
pastures with the parasite. 
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THE RESPIRATION OF CARROT TISSUE IN 
BUFFER SOLUTIONS 


by 


LEONARD A. THOMAS 


(From the Botany School of the University of Melbourne). 
(Submitted for publication 28th October, 1931.) 


INTRODUCTION. 


Slices of carrot tissues have been much used in the study of the exchange 
of ions between tissue and the surrounding medium. In order to be able to 
interpret the data obtained with this tissue it is desirable to have the fullest 
possible knowledge of the system with which we are dealing. In particular it 
is desirable to have some insight into the way the tissue respires; for it seems 
possible that respiration may be an important factor governing the ionic inter- 
relationships between a tissue and a solution in which it is placed (1, 2). 

An important part of the study is the relationship of ionic exchange to 
the hydrogen-ion concentration when tissue is placed in buffer solutions. If 
respiration, however, is a factor conditioning ionic exchange, it is of value also 
to know how respiration is affected by the hydrogen-ion concentration of the 
buffer solutions. The present work was carried out in order to obtain some 
data on this relationship which might be of use in further enquiry into ionic 
exchange. 

I am indebted to Professor A. J. Ewart, F.R.S., for his interest in this 
problem and for laboratory facilities, and to Dr. A. H. K. Petrie for his constant 
help and encouragement. 


EXPERIMENTAL PROCEDURE. 


The tissue was prepared in the form of discs, 17-5 mm. in diameter and 
1 mm. in thickness. These were washed in several changes of distilled water 
for about ten hours prior to commencing an experiment. 

The respiration was measured by modification of the ordinary process 
of estimating carbon dioxide output by absorption with standard baryta. 
Measurements were usually made simultaneously on four samples of tissue. 
Each of these, consisting of 80 dises, was placed in a 500 ¢.c. flask with 200 c¢.e. 
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of either buffer solution or distilled water, according to the plan of the experi- 
ment. Through each flask was bubbled a separate stream of carbon-dioxide- 
free air, the carbon dioxide released then being absorbed in baryta-containing 
Pettenkofer tubes in the ordinary way. The four flasks and the incoming air- 
streams were maintained at a constant temperature. Before commencing an 
experiment, carbon-dioxide-free air was drawn through the apparatus for one 
hour. 

The respiration measurements were complicated by the fact that the buffer 
solutions employed varied in their power of holding back carbon dioxide in a 
manner depending on their hydrogen-ion concentration; after the tissue had 
been respiring in a sample of buffer solution for a period of about 12 to 14 hours 
the solution was therefore removed and replaced by a fresh sample. The re- 
placements were effected without allowing entry of earbon dioxide from the 
atmosphere into the apparatus. Simultaneously the four Pettenkofer tubes 
were changed and their contents titrated. 

From each of the buffer solutions withdrawn was taken 10 ¢.c. for pH deter- 
minations, and the remainder acidified and its carbon-dioxide content deter- 
mined by the usual Pettenkofer method. 

This carbon-dioxide content, corrected for the removal of the 10 ¢.c., repre- 
sented carbon dioxide from two sources—that from respiration, and that 
originally present in the buffer. The latter quantity was estimated by the above 
method for a sample of each buffer before commencing the experiment. For 
successive samples removed from the stock containers, and placed in contact 
with the tissue in approximately constant time and by stereotyped manipula- 
tion, this quantity of initial carbon dioxide was found to remain approximately 
constant for each buffer. This quantity was accordingly deducted from the 
total amount of earbon dioxide finally present in the buffer sample on removal 
from contact with the tissue, and the remainder added to the amount measured 
in the Pettenkofer tube, in order to obtain an estimate of the rate of respiration 
of the tissue during its sojourn in the sample. 

Respiration was measured concurrently in three buffer solutions of different 
hydrogen-ion concentration, and also in distilled water for purposes of control. 
In certain experiments all four were placed initially in distilled water and the 
respiration determined at short intervals over a varying period of time; the 
distilled water was then replaced by the buffer solutions in three of the sets. 

To prevent infection of the culture solutions the experiments were per- 
formed under sterile conditions. 

A number of similar experiments were performed with two different buffer 
solutions, and from these a selection of four has been made for presentation in 
this paper. 
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RECORD OF EXPERIMENTS. 
Experiment 1. KOH-KH.PO, Buffer Solutions. 


The respiration of all four sets was measured for the first 47-5 hours in 
distilled water, after which the distilled water in three of them was replaced by 
buffer solutions consisting of different mixtures of KOH and KH»PO,, each 
having a K-ion concentration of 0-08 M. The respiration records are given in 
fig. 1. The pH values of the buffer solutions on removal were only slightly differ- 
ent from the initial values. 


Dist. WaATER Burren 


v 


Respiration mg. CO. per hour. 


Time in hours. 


Figure 1. Respiration records of Experiment 1, KOIL-KH, PO, buffer solutions. 


In this and subsequent graphs, respiration is measured in milligrammes of carbon 
dioxide given off per hour by 80 discs of tissue (approximately 20 gm.). The abscissae 
have been taken as the mean times between the successive, respiration measurements, and 
the times at which the readings were taken are indicated by graduations on the time axis. 
pH=4-13; IT. pH=6-43; IIT. pH=7-51; IV. Distilled water. Temp.=12°C. (approx.) | 


Experiment 2. Distilled Water. 


Four sets of tissue were run for 80 hours in distilled water. The reeords are 
given in fig. 2. 


Experiment 3. KOH-KH.PO, Buffer Solutions. 


The tissue was initially placed in distilled water for 34-5 hours, then in 
successive samples of buffer solution till the 179th hour, after which distilled 
water was introduced and changed at intervals up to the 388th hour. The results 
are given in fig. 3 and Table 1. 
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As the carbon-dioxide concentration of the buffer solutions may have been 
an important factor controlling the respiration rate, this has been recorded for 


the successive samples as ‘‘ Final COs. 


0-9 


Respiration mg. CO. per hour. 


° 10 20 30 40 60 70 
Time in hours. 
rh 2. Respiration of four sets of tissues in distilled water, Experiment 2. |Temp. 
=u}2°C, 
TABLE 1. 
Results of Experiment 3. 
I II III IV 
Time Final Resp Final Resp. Final Resp. Resp. 
in in in COz in in in in in 
hours. mgs. mgs./hr. mgs. mgs./hr. mgs. mgs. ‘hr. mgs./hr. 
12-0 0-282 0-329 — 0-252 0-272 
Bey 22-5 0-158 — 0-160 0-164 0-158 
Init. CO. 0-420 0-452 0-775 
= Init. pH 4-50 6-30 7-75 
10-5 0-757 0-190 0-855 0-178 1-564 0-137 0-160 
2 } 18-0 0-634 0-25) 0-713 0-115 1-572 0-085 0-141 
m \ 24-0 0-444 0-061 0-474 0-030 1-332 0-024 0-060 
= | 29-0 0-740 0-170 0-821 0-096 2-018 0-049 0-144 
= | 27-0 0-544 0-172 0-520 0-115 1-371 0-046 2 0-171 
a) 36-0 0-454 0-150 0-785 0-101 1-219 0-047 & 0-147 
Init. CO. 0-029 0-029 0-029 = 
Init. pH 5-69 5-69 5-69 = 
28-0 0-278 0-204 ()-490 0-120 0-571 0-081 0-136 
24-0 0-447 0-088 0-545 0-061 0-743 0-061 5 0-060 
v 24-0 0-490 0-085 0-689 0-062 0-696 0-062 0-048 
22-0 0-537 0-083 0-463 0-052 0-519 0-054 0-056 
. 24-0 0-563 0-085 0-658 0-081 0-636 0-069 0-062 
= | Init. co, 0-188 0-188 0-188 
+ Init. pH 5-77 5-77 5-77 
ray 46-5 0-380 0-061 0-382 0-038 0-409 0-046 0-056 
16-0 0-287 0-061 0-441 0-021 0-504 0-044 0-076 
25-0 0-616 0-045 (0-422 0-008 0-640 0-021 0-047 
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Berren tions ~ 


Distuceo Water 


Time in hours. 


Figure 3. Respiration records of Experiment 4, KOH-KH,PO, buffer solutions, the pli 
values of which are given in Table 1. [Temp.=1°C.] 


Experiment 4. KOH-Citric Acid Buffer Solutions. 


The buffer solutions here consisted of 0-05N citric acid which included suffi- 
cient KOH to give the pH values recorded. The experimental procedure was 
similar to that of Experiment 3, except that the distilled water in the final phase 
was not changed at intervals. The results are given in fig. 4 and Table 2 
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Figure 4 Respiration records of Experiment 4, KOH -eitric acid buffer solutions. The 
pH values are e given in Table II. [Temp.—1°C.] 
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DISCUSSION OF RESULTS. 
Factors Causing Variation in Respiration Rate. 


From the respiration records presented in the accompanying figures, it is 
apparent that, in the three experiments with parallel buffer solutions of different 
pH values, the respiration rate increases with the hydrogen-ion concentration of 
the buffer. This is clearly indicated by the collected curves of fig. 5. Other 
unpublished records show the same relationship. But there is a large amount 
of variation in the records, and it is desirable to give consideration to this before 
drawing general conclusions. 


A 
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sens | Figure 5. Relation of mean respiration 
=' rate to initial pH. of buffer solution—A in 
+ ixperiment 1 (Temp.—120°C.); B in Ex- 
4 periment 3 (Temp.=1°C.); in Experi- 
Ws | ment 4 (Temp.=1°C.). 
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Among the mass of respiration determinations for each experiment the vari- 
ation is largely attributable to two groups of factors, which may be defined as 
follows : 
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A. Factors causing the respiration of all samples to drift with time. This 
group will include metabolic changes in the tissue, and also the initial attainment 
of a steady state in the carbon dioxide diffusion path. 

B. Factors causing differences between the respiration rate of parallel 
samples. This group ineludes conditions under which respiration is occurring, 
such as the composition of the buffer solutions; it includes also differences between 
the samples of tissue. 

It is proposed to consider the effect of these groups of factors in the follow- 
ing sections. For conciseness they will be referred to as A and B. While most 
of the deductions to be made are qualitatively clear from the graphical presenta- 
tion of the data, in some cases it is of interest to consider the effect of the factor 
groups on a quantitative basis. The process of analysis of variance was conse- 
quently performed in eertain of the data. By this process the total variance in 
a set of respiration data is separated into three groups: first, variance due to the 
effect of factors of group A, in so far as it is in the same direction in all parallel 
sets; secondly, variance due to the effect of factors of group B, in so far as it is in 
the same direction throughout the time of the experiment; and thirdly, the re- 
mainder variance, due to experimental error, variations produced by factors of 
group .1 that are unequal in parallel samples, and variations produced by factors 
included under B that vary with time. References to the results of this process 
will be made in places in the text. 


The Drift of Respiration with Time. 

Examination of the four curves for each experiment with buffer solutions 
shows that, although there are independent variations, all four tend to pass 
through the same general drift with time: curve I of Experiment 1 (fig. 1) is the 
only notable exception. The drift, however, varies considerably in different 
experiments, suggesting differences in the metabolic state of different samples of 
tissue. At the same time all the curves show the highest rates of respiration in 
the early part of the experiment, with a maximum between 10 and 30 hours from 
the commencement. Experiment 2 (fig. 2) is exceptional in showing two maxima, 
and in Experiment 4 (fig. 4) the approach to the maximum is not shown, and 
the highest values are at the commencement. The rising part of the curve can- 
not, however, be regarded as a correct measure of respiration rate, since it must 
be partly due to the physical lag in removal of the carbon dioxide first released 
from the tissue into the apparatus. 

At least three interpretations can be suggested to explain these maxima in 
the respiration of storage tissue. Richards (3) found that a temporary rise in 
the respiration of potato tubers occurred after cutting. He coneluded that the 
increase was due to the wounding of the tissue. Stich, Magness, and Johnstone 
(4), however, have concluded from further work that the larger surface exposed 
after the cutting of the tissue allows the escape of carbon dioxide accumulated in 
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the intercellular spaces, and that this is the chief cause for the temporarily in- 
creased carbon dioxide output. In the present experiments it might have been 
expected that the greater part of this accumulated carbon dioxide would have 
escaped during the 10 to 12 hours for which the tissue was washed prior to the 
beginning of the record; the tissue, however, was lying still during most of this 
period, and the carbon dioxide escape would have been retarded by the close 
packing of the dises. Moreover, in these experiments gaseous diffusion was sud- 
denly replaced over a large portion of the diffusion path by hydro-diffusion, which 
would retard the carbon dioxide escape. A third possibility arises from some 
work of Willaman and Beaumont (5) on potato tubers and other tissues. These 
authors found that when carbon dioxide was first allowed to accumulate round 
a tissue, and then removed and a continuous air-stream passed over the tissue, 
the respiration rate rose suddenly and then slowly fell again. If carbon dioxide 
accumulated round the tissue during the washing period the present results may 
be exhibiting the same phenomenon as observed by Willaman and Beaumont. It 
is possible that all these suggested phenomena may be causes contributing to the 
initial maximum in the curves of carbon dioxide output. 

After the initial maximum a slow fall in the respiration sets in, until, after 
a varying length of time, the rate tends to reach a more or less constant level! ; 
but there is much less in common along the curves after the early period, and 
there may be secondary maxima, as in Experiments 3 and 4 (figs. 3 and 4). 


Differences between Respiration Rate in Parallel Sets. 

Visual examination of the graphs shows without doubt that the respiration 
differs significantly between the parallel samples in buffer solutions, and always 
in the same direction with respect to pH. 

The factors of group B can be divided into two sub-groups, By and By; By 
comprises possible factors that would cause differences in respiration rate in 
solutions of identical initial composition; B. comprises all differences in the 
initial composition of the solution, including pH, that would influence the rate 
of respiration. In order to interpret the data before us, we have to consider 
whether the variance between parallel buffer solutions caused by B is significantly 
greater than that caused by B,; and secondly, if it is significantly greater, to 
which of the various factors included in By. it may be mainly attributed. 

There are among the data two sets of measurements of the respiration of 
paralle! samples of tissue in distilled water (Experiments 1 and 2). In these 
experiments it may be assumed that, since the initial composition of the medium 
was the same in all cases, By factors will be absent, and the whole of B will be 


1 It is interesting to note the similarity in the features so far discussed of these curves to 
two curves of the respiration of carrot tissue in distilled water already published (2). The 
attainment of a constant rate, however, was considerably slower in the latter curves than in 
those at present under consideration. 
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represented by B,. It will be of value then to consider the effect of B in these 
experiments. 

It will be seen from the graphical presentation of these two sets of measwre- 
ments (figs. 1 and 2) that, while the curves tend te follow the same course (the 
effect of .1 being significant), they are not coincident ; sometimes one lags behind 
another, and sometimes there is a tendency for one to have persistently greater 
ordinates than another (suggesting the effect of B) ; there are also fluctuations in 
one that are not reproduced in the rest. 

One factor causing variation between the curves is probably the different 
rates of passage of the air-stream through the parallel sets. With the apparatus 
available it was found impossible to adjust the rate of bubbling into each Petten- 
kofer tube to exactly the same value; there must therefore have been a varying 
lag of carbon dioxide in the flasks which would produce anamorphosis in the 
respiration curves. If the amount of carbon dioxide in the medium affects the 
respiration, this lagging carbon dioxide might also produce a direct effect on 
respiration, and so add to the variation in the curves in two ways. Further vari- 
ation between samples may be due to difference in the orientation of the dises in 
the flasks, which would cause differences in aeration and in the readiness of escape 
of carbon dioxide. Varying rates of removal of carbon dioxide might again pro- 
duce secondary effects on respiration. Finally it is possible that there were 
intrinsic differences between the samples of tissue, despite the fact that the teeh- 
nique of preparing them was designed to give uniformity. 

According to the type of effect in the data caused by these phenomena, they 
will contribute partly to the variance between parallel samples (i.e., to variance 
due to B), and partly to the remainder variance. 

_ If now we may take the data of Experiments 1 and 2 as being fair samples 
of the behaviour of tissue in distilled water, we should have good grounds for 
believing the variance due to By to be significant in buffer solutions if the vari- 
ance due to B were significantly greater in these solutions than in distilled water. 

In Experiment 1 (distilled water phase) the variance due to B has a standard 
deviation of 6% of the general mean, while the corresponding value for the 
remainder variance is 10% ; the z test, however, shows that this difference is not 
significant, so that the effect of B is within the range of random variability and 
is therefore insignificant. In Experiment 2 the standard deviation of the vari- 
ance due to B is 13%, and of the remainder variance 5% of the general mean; 
2(B : remainder) = 0-954, with 1% point — 0-7757. Here then the effect of 
B is of definite significance ; but while the standard deviation is only 13% of 
the general mean, that for the buffer solutions is in Experiment 1, 68%, in Experi- 
ment 3, 111%, and in Experiment 4, 100%. 

There is no doubt then that the effect of B in buffer solutions is very signifi- 
eantly greater than that of B, and hence of B,, in distilled water in these two 
experiments. In any case the estimate of B, in distilled water would be maximal ; 
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for the total carbon dioxide in the buffers was estimated at each change of sample, 
so that the effect of the physical lag would be less in these solutions than in dis- 
tilled water. 

There is thus fair ground for assuming that the effect of B in buffer solu- 
tions is mainly due to By. There remains to be considered the relative significance 
of the factors included in this group. We may regard By, as comprising the 
following factors : 

a. concentration of various buffer ions, excluding H-ion, 
b. pH of the buffer, 
concentration of in buffer. 


lu the phosphate buffer solutions the K-ion concentration did not vary appreci- 
ably, so that the only factor included in a was that of varying phosphate con- 
centration. In the citrate buffer, on the other hand, the Na-ion concentration 
increased with alkalinity, but the total citrate concentration was constant, 
although the citrate-ion concentration varied with the pli. The fact that two 
different buffer systems gave the same type of result suggests that the factors 
included in a are not appreciably concerned with the effect on respiration. 

It may be concluded that the effect of By. is mainly due to the effects of 
either the H- or HCO;-ion. From the results give in Tables 1 and 2 it can be 
seen that these two factors vary so closely with one another that any separation 
of their relative effects is impossible. It is nevertheless hoped that these data 
for the behaviour of carrot tissue in buffer solutions may be of value in elucidat- 
ing the ionic relationships between this tissue and surrounding solutions. 


Effect of Return to Distilled Waier after Sojourn in Buffer Solutions. 


In Experiment 4 it will be seen that, when the tissue was returned to dis- 
tilled water after a period of about 135 hours in buffer solutions, no effect seems 
to have been produced on the relative positions of the respiration curves. The 
effect of B is clearly much greater than would be expected in distilled water, and 
is much greater than the effect indicated in the set of four measurements in dis- 
tilled water for this tissue at the beginning of the experiment. This residual 
effect may be due to buffer ions returning to the distilled water from the inter- 
cellular spaces of the tissue and even from the cells themselves. 

In Experiment 3, where the samples of distilled water were changed as in 
the case of the buffer, exuding buffer ions would be removed. It is noteworthy 
that the effect of B in causing differences between samples is much less marked 
than in Experiment 4. In fact, the z test [2(B : remained) = 0-41; 5% 1-48] 
shows that this effect of B, highly significant in buffer solutions, on return to 
distilled water falls within the random variation. The remainder variance is 
admittedly high in this final stage (standard deviation — 40% of the general 
mean), perhaps partly through increase of experimental error, as the respiration 
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was very low and indicated approaching death of the tissue. Nevertheless, the 
results suggest that the effect of B in the buffer solutions disappears when those 
solutions are replaced by distilled water. 


SUMMARY. 


In buffer solutions respiration of carrot tissue increases with increasing 
hydrogen-ion concentration. This relationship may be due either to the direct 
effect of the hydrogen-ion concentration or to that of the HCO,-ion conecentra- 
tion which varies with the pH. 
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OBSERVATIONS ON THE COMPOSITION OF THE 
URINE AND BLOOD OF ECHIDNA ACULEATA 


by 
MARK L. MITCHELL 


(from the Department of Biochemistry, University of Adelaide). 
(Submitted for publication, 30th October, 1931.) 


In 1898, R. Neumeister (Zeitsch. fiir Biol., 36, p. 77) reported the analysis 
of a faeces-free sample of urine from an echidna. He observed that the urine 
was neutral, although the animal was fed on a diet of egg and beef; and he 
concluded that the neutrality was due to ammonia formation, the ammonia 
nitrogen percentage of total nitrogen in his sample being 6-9 per cent. The 
urea nitrogen percentage was 81-1, and, failing to detect the presence of uric 
acid or similar substances precipitable by silver nitrate, he suggested that the 
remaining 12 per cent. of the total nitrogen might be in some special form. 

Although Echidna aculeata is still fairly readily to be obtained locally, the 
species is in danger of extinction, and it was considered desirable to repeat and 
extend Neumeister’s investigation while the animals were still available. 

Eight specimens were obtained from Kangaroo Island, and were fed on a 
diet of raw egg and milk. Selected animals were placed in metabolism cages 
of the type commonly used for rats, and the urine collected in a flask covered 
by a separator. 

On the egg and milk diet the animals frequently developed diarrhoea, with 
the result that urine was contaminated with faeces and had to be disearded. 
To obviate this trouble, kieselguhr was mixed with the food, and this usually 
resulted in very solid faeces being passed. 

The earlier samples obtained were analysed immediately after being passed ; 
later attempts were made to collect a 24-hour urine, but, sinee the animals 
micturated only at intervals of 24 hours or more, the results could not be 
regarded as a reliable indication of the daily excretion. 

The lowest pH. estimated colorimetrically, was 6-5, and with this exeep- 
tion the pH of the remaining samples was in each case between 4-0 and 5-0. 
In estimating the reaction no precautions were taken to prevent loss of COs, and 
therefore, although the figures are not very exact, they presumably indicate a 
rather less acid reaction than is actually the ease. 

The absence of nitrogenous substances precipitable by silver nitrate, re- 
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ported by Neumeister, was not confirmed. Table 1 shows the nitrogen partition 
in nine samples of urine. 


TABLE 1. 
Percentage of Total Nitrogen. 


Range. Average. 
Urea Nitrogen 77-0 to 87-1 82-0 
Ammonia Nitrogen 3-6 to 9-2 6-4 
Creatinine Nitrogen 1-3 to 5-2 4-3 
Urie Acid Nitrogen -13 to +26 -19 


Allantoin was not determined, and the percentage of undetermined nitro- 
gen averaged 7-1. These figures do not indicate any significant difference in 
the nitrogen partition of the urine of echidna compared with other mammalian 
urines. 

The coneentration of urea showed a wide variation, the highest figure being 
41-5 mgs. of urea nitrogen per ¢.c., corresponding to 7-8 per cent. urea. 

The ratio of phosphorus to nitrogen was within the usual limits for mam- 
mals. The concentration of chloride was unusually low in all samples, but an 
estimate could not be made of the chloride intake. 


Observations on the Blood. 


Two animals were killed, and blood drawn from the heart; the analyses of 
these samples of blood are given in Table 2. 

Unusual features are the high non-protein nitrogen and urea nitrogen ; these 
figures, however, may be connected with the fact that both animals were in obvious 
ill-health at the time of killing. 


TABLE 2. 

mgs. per 100 ¢.c. blood. mgs. per 100 ¢.e. blood. 

Sample 1. Sample 2. Sample 1. Sample 2. 
N.P. Nitrogen 49-2 61-1 Inorganic P. 6-1 — 
Urea Nitrogen 21-1 26-8 Acid-sol. P. 19-1 . 
Creatinine 1-40 1-48 Cholesterol 135 - 
Urie Acid 2-51 3-16 Caleium* 11-0 
Sugar 1038-5 98-0 Magnesium* — 2.1 


Chlorides (NaCl) 540 555 
*in 100 ¢.c. of serum. 


A NOTE ON THE PERMEABILITY OF EGG SHELL 
by 
WILLIAM ALEXANDER OSBORNE 
(Submitted for publication 10th August, 1931.) 


In 1914 I pointed out, in a research conducted with Dr. Hilda Kineaid, that 
the unbroken yolk of a hen’s egg could be used as a class model for demonstrating 
the osmotic behaviour of red blood corpuscles. Thus in water or in 4% urea 
solution the yolk swells and bursts, whereas it remains normal in 0-9% sodium 
chloride. In glycerol or saturated ammonium sulphate it quickly loses water 
and becomes corrugated. With organic solvents the usefulness of the model 
ceases, for solution of volk material takes place, and this produces osmotic 
turgor, the membrane remaining undissolved. 

I have recently examined the behaviour of intact hen’s eggs immersed in 
various fluids: 


(1) In glycerol or saturated ammonium sulphate slow loss of water takes 
place, and the yolk is found after some weeks to be hard and econ- 
tracted. 


(2) Chloroform rapidly penetrates into the egg—a matter of a few hours— 
and coagulates the albumen. Watery finid exudes in minute droplets 
from the shell. 


(3) Ether slowly penetrates the shell and is absorbed by the volk, which 
swells. The internal pressure rises and the shell generally cracks. 
Before this happens copious beads of watery fluid form on the shell sur- 
face, and these falling may make aqueous layers at the bottom of the 
ether. The white is little affected before cracking of the shell. 

(4) An egg immersed in ethyl! aleohol shows very little change. even when 
some months have elapsed. After three months’ contact no change in 
the white can be observed, but traces of aleohol can be detected 
chemically in the volk. The taste of the egg when cooked is decidedly 
altered, and has an aleoholice flavour in the volk. After six months’ 
immersion IT have found no greater change—certainly not the least 
coagulation of the albumen, not even of that in contact with the shell’s 
internal lining membrane. 


That this remarkable resistance to the passage of aleohol resides in the 
shell proper is shown by careful removal of a small portion, leaving the mem- 
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brane uninjured. Immersion in ethy! alcohol is now followed by penetration 
with coagulation. 

Experiments made in my laboratory by Miss Blanche Brewster, where the 
alcohol was placed in an egg-shell cup, the lower end of which, dipped into 
water, also showed that the passage of the alcohol through the shell was slow. 
The same occurred with water inside and aleohol outside. 


REFERENCE. 


Osmotic Phenomena of Yolk of Egg. Biochemical Journal, 8 (1914), p. 28. 


THE CYTOLOGY OF RYE!’ 
by 
H. C. GURNEY 


(From the Waite Agricultural Research Institute, University of Adelaide). 
(Submitted for publication 1st September, 1931.) 


INTRODUCTION. 


While working on the cytology of some wheat x rye hybrids it was found 
desirable to make a detailed study of the cytology of rye (Secale cereale), in an 
endeavour to distinguish the rye chromosomes in the hybrids, and to appreciate 
better the chromosome behaviour in the hybrids. This paper reports the results 
of that study. 

While many investigators (Sakamura (9), Kihara (6), Gotoh (4), Stolze 
(11), Belling (1), Thompson (12), Longley and Sando (7), and Florell (3) ) 
have confirmed the haploid chromosome number of rye as seven, there seems to 
be no published account of the meiotic phases from early meiotic prophase to 
mitotic telophase, and no attempt to distinguish between the seven chromosomes. 
Longley and Sando (7) observe that three of the chromosomes have only slightly 
sub-terminal points of fibre attachments and appear longer than the remaining 
four, which latter vary from open C-type to closed double V. Gotoh (4) gives 
similar observations. The observations reported here differ in some respects 
from those of the above investigators, which may be due to the different strain 
of rye examined. Emme (2), in a cytological study of a number of species of 
Secale, deals briefly with S. cereale, figuring the heterotypic metaphase, but 
does not distinguish between the seven chromosomes, nor discuss the homotypic 
division. 

Several investigators (Kihara (9), Gotoh (4), Belling (1)) have observed 
a race of rye with eight haploid chromosomes, and Belling has shown that this 
is due to fragmentation of one of the rye chromosomes. The race dealt with in 
this study was a seven chromosome race, no evidence of fragmentation being 
observed. 

There are two interpretations of the method of mating of the spireme 
thread during meiosis: (1) Parasynapsis, or side-by-side mating, and (2) Telo- 
synapsis, or end-to-end mating. The former theory postulates that the spireme 


1This work was carried out under the Ernest Ayers Research Scholarship in Botany for 
1931 at the University of Adelaide, 
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is double, and consists of two threads pairing in a side-by-side position, the 
synaptic mates lying side by side. The latter theory postulates that the 
“doubleness” of the spireme is due to some phenomenon unconneeted with 
mating, and that synaptic mates are arranged end-to-end in the spireme ; mating 
occurring by a looping and twisting movement, by means of which the sides of 
the synaptic mates are brought into close juxtaposition. 

Melburn (8) has studied the meiotic prophase stages of rye, and finds 
strong evidence for telosynaptic mating. 


MATERIALS AND METHODS. 


The strain of rye examined was New Zealand rye grown at the Waite 
Agricultural Research Institute. South Australia. Preliminary work to ascer- 
tain the exact stage in the growth of the ears when the pollen mother cells were 
undergoing their maturation divisions was carried out in 1930 by means of 
Belling’s aceto-carmine method. The heads were dissected out from the leaves 
and preserved whole. The fixing fluids used were Carnoy’s fluid for subsequent 
examination with aceto-carmine, and Allen’s modification of Bouin’s fluid for sub- 
sequent examination, using Haidenhain’s iron alum haematoxylin. After wash- 
ing, the material was transferred by stages to 70% aleohol, in which it: was 
preserved until required. Most of the material was collected during the ripen- 
ing period towards the end of 1930. and examined during 1931. For prelimin- 
ary examination Belling’s aceto-carmine method proved very satisfactory, and 
for more detailed work serial sections cut at 10% and stained with iron alum 
haematoxylon. 

The observations were mainly confined to the maturation divisions in the pol- 
len mother cells, though many somatic mitoses were seen in the surrounding cells. 
The first division was in all cases heterotypice and the second homotypic. No 
case was observed where these were reversed in order. 


Mevosis. 


Prophase. The reticulum of the resting pollen mother cell nucleus shows a 
certain parallelism of threads. This reticulum contracts away from the nuclear 
membrane, forming a knot, slightly flattened against one side of the nuclear 
cavity. This forms the first contraction of the chromatic material. The knot 
stains fairly densely, but the nucleolus remains a light grey. From the knot a 
spireme of continuous chromatin thread emerges. Even in the knot and emerg- 
ing from it loops of the spireme may be seen. The number of loops inereases 
and the knot unravels until there is a continuous thread of spireme, much 
looped, filling the whole of the nuclear cavity. At this stage the nucleolus takes 
on a much deeper stain, appearing as a dense glossy black. Melburn (8) has 
shown that this spireme is continuous. 
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Fig. 1, pl. 1, shows the continuous spireme stage and the ineeption of the 
bivalents. This stage consists of a looping and twisting movement, by which 
the bivalents become marked off. As Melburn points out, this method of 
bivalent formation is only consistent with an ‘‘in tandem’’ arrangement of 
chromosomes and a telosynaptic pairing. In text fig. 1 the stages in bivalent 
formation and conjugation are shown from the first looping of the spireme to 
the second contraction. In (a) text fig. 1 a small length of spireme is shown. 
By its subsequent behaviour the points of chromosome attachment can be 
approximately guessed. The lengths from x to y along the spireme thread 
hecome single chromosomes; the lengths from x to x represent the bivalents, 
x being the point of attachment of one bivalent to another, and y the point of 
attachments of homologous chromosomes, in each ease. In (b) the looping has 
hecome evident, the sides of the looped bivalents being roughly parallel. From 
c-f are progressive stages during which the twisting continues and the sides 
of the bivalents become closely appressed, culminating in (f) a typical pair of 
bivalents, whieh occurs during the second contraction. 


4 
—_" Text Fig. 1. Successive stages 
in telosynaptie mating in rye; the 
lengths (x—v) in each ease repre- 
sent univalent lengths of spireme, 
Ya) and the lengths (x—x) represent 


bivalent lengths. show sue- 
cessive stages in the twisting 
movement by means of which syn- 
aptie mates conjugate. 


Stage (c) can be seen in fig. 1, pl. 1. ‘Two bivalents towards the top of the 
nuclear cavity, on which the points x and x have been marked, stand out 
clearly. In sections where cut-off loop ends appear the twisting of the thread 
is well seen. In fig. 2, pl. 1, five common types of twisting of these loop ends 
are shown. Three are loops farming a single bivalent, and two are loops form- 
ing two bivalents. The dotted continuation of the loop ends signifies that the 
thread continues to form other loops. The blunt loop ends are cut-off ends, 


the spireme continuing in another section. For clearness in reproduction these 
threads have been coloured dense black. Actually the spireme is not densely 
staining, and usually appears greyish, or bluish. when stained with iron alum 
haematoxylin. 
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The threads thicken and condense towards second contraction, becoming 
more densely staining, until the contracted knot is formed, when the chromatin 
stains a dense black. In fig. 3, pl. 1, photograph 1, pl. 4, the spireme loops are 
shown thickened and condensing in preparation for the second contraction. 
The complete second contraction is shown in fig. 4, pl. 1, and photograph 2, pl. 4. 
The bivalent loops can still be distinguished in the condensed mass. The con- 
traction seems to be closely associated with the nucleolus, the contraction 
always oceurring towards that side of the nuclear cavity in which the nucleolus 
is situated. 

It is interesting to note that the nucleolus varies in chromaticity (as judged 
by its staining reaction) inversely with the chromaticity of the spireme, that 
is, the nucleolus is most densely staining when the spireme stains a light grey, 
and entirely disappears when the chromosomes are organized and deeply 
stained. It would seem that the nucleolus acts as a storage body for chromatin, 
the chromatin flowing from the nucleolus into the spireme, and vice versa, at 
different stages of the meiotic and mitotic phases. A recent paper by Inouye 
(5) on the development of the chromosomes in Linum is of interest in this con- 
nexion. Inouye observes that “the spireme net-work becomes connected with 
the nucleolus and seems to receive chromatin from it.” Later all the threads 
are achromatic, except in the nucleoli, “where all the chromatin is apparently 
preserved.” 

The chromatin knot constituting the second contraction opens out slowly 
to give the diakinesis stage. In early diakinesis the bivalents are often still 
attached to one another by their univalent ends. Unfortunately, no good sec- 
tions showing early diakinesis were seen, but in sections showing a slightly 
later stage in diakinesis the position of the bivalents often indicated the way 
in which they had been previously attached. In mid-diakinesis (fig. 5, pl. 1) 
the bivalents are separate from each other, and usually take up a peripheral 
position in the nuclear cavity. The nucleolus still remains definite and deeply 
staining. Individual chromosomes in each bivalent are easily distinguishable, 
and, in six of the seven bivalents, remain connected at one end, forming charac- 
teristic bivalents of ring-shapes, V-shapes, or twisted and irregular V-shapes. 
The remaining bivalent (marked VIT in fig. 6 ) consists of two small univalents, 
which completely separate at diakinesis. The bivalent marked I in fig. 5, pl. 1, 
is long and comparatively straight, attached at one end. Bivalents I and VIT 
are characteristic in size and shape, and can be distinguished in most sections. 
The other five bivalents appear in varying shapes, all, however, modifications 
of the ring- or V-shapes. Bivalents T and VII can also be distinguished by their 
characteristic shapes at metaphase. 

Tn late diakinesis (figs. 6 and 7, pl. 1) the bivalents at the periphery move 
in towards the centre. The nucleolus disappears, and the nuclear cavity, while 
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still remaining more transparent than the surrounding cytoplasm, becomes less 
differentiated from it. The nuclear membrane completely disappears, and the 
nuclear space tends to become elliptical. Spindle-fibres appear, first as faint 
striations and later as definite lines. The bivalents, with their halves still 
divergent, but attached at one end as in mid-diakinesis, group themselves in the 
centre and on the spindle. Fig. 6 shows the first appearance of the spindle 
fibres ; the nuclear membrane is still present, but is faint, and the nuclear cavity 
is commencing to take on the elliptical shape. Bivalents I and VII ean still be 
distinguished in figs. 6 and 7. In fig. 7, pl. 1, the spindle-fibres are definitely 
established, the nuclear membrane has disappeared, and the nuclear cavity 
attained its elliptical shape. The disappearance of the nucleolus at about the 
same time as the spindle-fibres are formed is interesting, in view of the theory 
that the spindle-fibres are formed from nucleolar material. The bivalents mass 
in the centre, condensation occurs, and a black, deeply staining chromatic mass 
is formed on the spindle. This is the third contraction (fig. 8, pl. 1). 

Metaphase and Anaphase. The chromatic knot of the third contraction opens 
out to give the typieal regular metaphase plate. Seen in side-view line and at 
early anaphase, i.e., when the univalents have commenced to pull apart but are 
still unsevered from their mates, the plate has a very characteristic and con- 
stant appearance. At this stage the seven bivalent chromosomes show charac- 
teristic sizes, shapes, and spindle-fibre attachments which make it possible to 
distinguish between them. 


Text Fig. 2. The seven bivalent chromo- 
somes of rye, showing relative sizes, charac- 
teristic shape and spindle-fibre attachments, 
as seen at early meiotic anaphase. 


I ll W IV Vv VI Vil 


In figs. 9 and 10, pl. 1, are seen two side-views in early anaphase, fig. 10 
showing a slightly later stage than fig. 9. Photomicrographs 3 and 4, pl. 2, also 
show typical early anaphase figures. Text fig. 2 shows the shape, spindle 
attachments, and relative sizes of the seven bivalent rye chromosomes. In 
length the chromosomes show a diminishing series from the longest, chromo- 
some I, to the shortest, chromosome VII. Chromosome I is usually situated at 
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one end of the plate, with chromosomes V1 and VLI at the other end. Obviously 
the serial arrangement of the bivalents on the spindle will appear different 
according to the angle from which they are-viewed. Despite this, in the vast 
majority of the plates seen, chromosome | was at one end and chromosomes V1 
and VII at the other. The serial arrangement of chromosomes LI, LLU, LV, and 
V, between | and VLI, was not constant. 

Chromosome | is very long, sub-terminally attached, and seems to be 
slightly in advance of the others in pulling apart. Also its great length makes 
it apparent at an early stage. It may be seen standing out at one end of the 
plate (fig. 9) at a stage when chromosomes IL and III are still fairly short. In 
fig. 9 chromosome | has not pulled out to its full length, nor have chromosomes 
ll and Ll. Ina slightly later stage (fig. 10) chromosomes I, Ll, and Ll have 
attained their full lengths without the components having separated. It is 
logical to assume that the long bivalent, continually seen at diakinesis (see 
above), ultimately becomes chromosome | on the metaphase plate. In this 
connexion it is interesting to note that in late diakinesis, when the bivalents 
arrange themselves on the spindle-fibres preparatory to third contraction, the 
long bivalent | always takes up an outside position (figs. 6 and 7). Chromo- 
somes Il and LIL are end-attached and long. They are, however, not as long as 
chromosome I, and do not commence pulling apart as soon as chromosome I. 
Of the two, chromosome III is a little shorter than chromosome II. It was not 
possible to distinguish between chromosomes IV and V. Both are shorter than 
chromosome IL1, and both have middle-attachment of the spindle-fibres. Chromo- 
some VI is again smaller than chromosomes LV or VY, and is distinguished by 
having the spindle-fibre attachment two-thirds of the way along the chromo- 
some. Chromosome VIL is very small, clumped, and roundish in appearance. 
A typical position for it is overlying chromosome VI. It was seen in other 
positions occasionally, always. however, towards the opposite end of the 
chromosome group to chromosome I. Again it is logical to assume that the 
small bivalent VII seen at diakinesis becomes the small chromosome VII seen 
on the metaphase plate. Of the remaining five bivalents seen at diakinesis none 
can be identified as being any particular bivalent on the metaphase plate. 

Mention has been made of the length of the chromosomes. Striking differ- 
ences in length between the seven chromosomes will only become apparent at 
the stage under discussion, i.e., early anaphase, and may be partly due to differ- 
ential pulling apart, some pulling apart more quickly than others, and so 
appearing longer. The actual lengths then will vary according to the particular 
stage at which they are measured, but the relative lengths at any stage will be 
fairly constant. In view of this, absolute measurements have little value, as 
one cannot assess the exact stage of pulling apart at which the chromosomes 
were measured. By selecting stages as closely similar as possible, however, and 
by averaging the results of a number of measurements, some idea of the rela- 
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tive lengths of the chromosomes may be gained. These measurements are shown 
in Table 1 below. | 
TABLE 1. 


Nize and Spindle-fibre Attachments of Brwalent Chromosomes of Rye 
at Early Anaphase of Meiotic Division. 


Bivalent Average Spindle-fibre 
Chromosome. Length. Attachment. ? 
l 13-20p Sub-terminal 
11-00 Terminal! 
9-45p Terminal 
IV 7-15p Middle 
7-15u Middle 
vi 5-50p At % of chromosome length 
Vil 1-65-2-20u Terminal 


Interphase. During the telophase of the first, or meiotic, division, a nuclear 
membrane forms round the chromosome group at each pole and a nucleolus 
appears. The chromosomes lose their chromaticity, becoming very lightly 
staining, and finally form a continuous spireme. The positions of the individual 
chromosomes can be seen for some time during loss of chromaticity, and 
only disappear upon the final formation of the spireme. During the interphase 
between the heterotype and homotype divisions the chromatic material in each 
nucleus remains in the spireme stage, appearing as a lightly staining coiled 
grey thread. 


Mitosis. 


At the inception of the homotypic division the spireme in each nucleus 
breaks up into a series of irregular lengths (fig. 11, pl. 1). Seven spireme 
threads are formed in each nucleus. These shorten and thicken to form the 
seven haploid chromosomes of the equational division. The nucleolus and 
nuclear membrane disappear, the spindle forms, and the seven chromosomes 
arrange themselves at the centre to form the metaphase plate (fig. 12, pl. 1). = 
At this stage the chromosomes on the plate are seen to be definitely split. With : 
suitable methods this splitting could probably be observed much earlier, prob- 
ably in the spireme threads. & 

The appearance of the equational metaphase plate is quite different from a 
that of the meiotie plate. The length of the chromosome plate across the spindle 
is greater, the chromosomes themselves being smaller and rounded and clumped Z 
in shape. (cf. figs. 10 and 12). Usually one or two end-attached chromosomes - 
have pulled apart, and stand out from the metaphase plate (fig. 12). The : 
spindle-fibre attachments are not easily seen at metaphase, except for the two 
end-attached chromosomes mentioned above. The typical shapes and fibre 
attachments seen at meiotic metaphase do not persist in the equational meta- 
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phase. The polar view of the equational metaphase is seen in fig. 14, pl. 1, and 
in photograph 5, pl. 2. Two V-shaped middle-attached chromosomes may be 
seen, three %-attached, and at least one end-attached. This end-attached long 
chromosome appears slightly V-shaped. This appearance seems, however, to be 
due to the foreshortened position in which the chromosome is lying, rather than 
to a middle spindle-fibre attachment. The seventh round-shaped chromosome 
indicates nothing as to its spindle-attachment. From observations in other 
sections it is probably end-attached. Fig. 13, pl. 1, shows the late anaphase, 
and the telophase of the equational division. The chromosomes, although 
appearing clumped in side-view at metaphase, draw out into quite long chromo- 
somes in late anaphase. At the left pole (fig. 13) two end-attached, two middle- 
attached, and three %-attached chromosomes may be seen. 

At the telophase of the equational division a nuclear membrane forms 
round the chromosomes. Lying in a side-by-side position (fig. 13) the chromo- 
somes begin to lose their chromaticity and to stain very faintly. The nucleolus 
appears about this time. The individual shapes and positions of the chromo- 
somes can be observed for some time during this stage. Fig. 15, pl. 1, shows the 
polar view of the telophase. The shape of the chromosomes can still be clearly 
seen. From the chromonema of the chromosome a continuous spireme is 
formed (fig. 16, pl. 1). Some observations were attempted to determine the 
actual method of spireme formation from the chromosome chromonemas. These 
proved very ‘difficult, however, and no satisfactory conclusions were reached. 
The formation of the spireme from the chromosome chromonema is specially 
interesting from the point of view of the “in tandem” arrangement of chromo- 
somes in the spireme, and will be dealt with in the discussion below. From the 
spireme is formed the reticulum of the resting nucleus. 


DISCUSSION. 


The observations, described above, of the meiotic phases of pollen mother 
cells of rye bring out several points of interest in connexion with method of 
spireme formation, formation of chromosomes, and pairing of homologous 
chromosomes. The twisting and method of mating of the homologous chromo- 
somes during the prophase was dealt with in some detail, and entirely confirms 
Melburn’s conclusion that the chromosomes are arranged “in tandem” in the 
spireme. Indeed, the events leading up to second contraction, and the shapes 
and attachments of the bivalents during diakinesis, admit of no explanation 
but that of telosynapsis. The continuity of the spireme was established by 
Melburn (8) by observations of the spireme in aceto-carmine mounts. My own 
observations with aceto-carmine mounts entirely confirm this, no ends being 
visible except in sectioned material. 

A recent paper by Sharp (10), dealing with the structure of chromosomes, 
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is of interest in connexion with the “doubleness” of the spireme so often 
observed, and the main argument for the parasynaptic theory. Sharp finds that 
the description of large chromosomes alveolating at telophase is inaccurate. 
The chromosomes lose their chromaticity, and, by special methods, a core, or 
chromonema, occupying the centre of each chromosome, was demonstrated. In 
many cases the chromonema appeared as a double thread in each chromosome. 
Presumably this double chromonema, if present in the chromosomes, is also 
present in the spireme, and if at any time the spireme should lose its chroma- 
ticity slightly the appearance of the chromonema threads would make the 
spireme appear double or split. Apparent doubleness of the spireme was often 
observed in rye. It is interesting to note that in the figures given by many 
observers who support the parasynaptic theory, the typical looping and twist- 
ing of loops, as seen in rye, and which is the basis of the telosynaptie theory, is 
shown. 


I Text Fig. 3. I, the ‘‘in tan- 
dem’’ arrangement of chromo- 
“f 4 a somes in the spireme; A and a, 
B and b, C and represent ho- 
mologous chromosome lengths 


plate of first mitotie division 
after fusion of gametes, show- 
7 | ing each chromosome from each 


a t ty of spireme. II, metaphase 


gamete split. III, after pull- 
‘ ing apart to one pole, showing 
° how homologues would tend to 
: be in adjacent positions. IV, 


| AL the suggested regular method 
IV 


of joining up homologous chro- 
monema lengths to form the 
continuous spireme. 


In rye it is found that a continuous spireme is formed at interphase, and 
that this spireme, without forming a reticulum at all breaks, transversely into 
seven lengths of spireme, which become the seven chromosomes seen in later 
stages. Again at the telophase of the equational division a continuous spireme 
is formed from the chromosome chromonemas. The telosynaptic¢ origin of the 
bivalents in rye, and the arrangement of chromosomes one after the other in 
the spireme may be taken as established. 

However, this conception necessarily leads to the assumption of some very 
regular method of organization of the spireme from the chromonemas at telo- 
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phase. Obviously the spireme must be formed from the chromonemas in such 
a manner that every length of spireme representing a chromosome is joined on 
to another length representing its mate, and so on right through the spireme. 
The scheme is shown in I, text fig. 3, where A and a are lengths of spireme repre- 
senting homologous chromosomes. Any misplacement of A or @ would prevent 
conjugation and bivalent formation by twisting in the prophase. Providing 
A and a, B and b, C and ¢ are jointed end to end, any arrangement of the lengths 
(.L-+ a), (B+ b), (C + ©) may hold. Thus in the telophase of the first mitotic 
division after fusion of male and female gametes the chromosomes must have 
some orderly method of forming the spireme. In pulling apart from the meta- 
phase plate, the homologous pairs of chromosomes at each pole would tend to 
be near each other. It was shown above that during loss of chromaticity and 
chromonema formation in the telophase the chromosomes tended to maintain 
their relative positions. Thus one would expect that in spireme formation the 
chromonemas of homologous chromosomes would link up with each other first, 
forming a bivalent length of spireme, and that these bivalent lengths would 
then join up with each other to form the complete spireme. 

This is shown diagrammatically in II, Il, and LV, text fig. 3. In IL the 
chromosomes are lined-up on the equational plate, two sets being present, one 
from each parent. Every chromosome in each set is split preparatory to pulling 
apart to the poles. In II]-the chromosomes of one daughter cell are shown 
after pulling apart to one pole; and in LV the probable method of joining up to 
form the continuous spireme. In somatic cells the appearance of the spireme 
just prior to breaking up into chromosome lengths supports this scheme. The 
spireme forms a continuous open spiral, the lengths in focus all being parallel 
and running across the width of the nuclear cavity (photograph 6, pl. 2). It 
would be necessary for this orderly method of spireme formation to persist 
throughout all the mitotic divisions of the growing plant until the meiotic 
phase was instituted again in the pollen mother cells. 

One can compare the process to an old-fashioned dance, in which at one 
stage, partners hold hands and form a ring (spireme stage), and although they 
go through various intricate figures (diakinesis, metaphase, ete.) during the 
dance, and become apparently completely mixed up and partners separated, 
eventually they return to the initial stage, when it is found that the partners 
are still next to one another and holding each other’s hands. Critical observa- 
tions at the telophase of the first mitotic division after fusion of the gametes, 
on the method of forming the spireme from the chromonemas would be of great 
interest in this connexion. 
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SUMMARY. 


(a) A description of the cytology of rye from early meiotic prophase to 
mitotic telophase is given. 

(b) The events in the prophase strongly support telosynaptic mating and 
the “in tandem” arrangement of the chromosomes. 

(¢) Observations on the size, shape, and spindle-fibre attachments of the 
bivalents at early anaphase make it possible to identify each individual bivalent. 

(d) A continuous spireme is formed at interphase, which does not form a 
reticulum, but breaks transversely to give seven chromosomes at the inception 
of the homotypie division. 

(e) The typical shape and spindle-fibre attachments seen in heterotypic 
anaphase do not persist in homotypie anaphase. 

(f) In both heterotypie and homotypic telophase the chromosomes main- 
tain their relative positions during loss of chromaticity. In both cases a con- 
tinuous spireme is formed, presumably from the chromonema threads of each 
chromosome, and in homotypic telophase this spireme gives the reticulum of 
the resting nucleus. 

(gz) It is suggested that the “doubleness” so often observed in the spireme 
may be due to a temporary loss of chromaticity of the spireme, when the chrom- 
onema thread, often double, would produce the illusion of a double spireme. 

(h) With telosynapsis the necessity of some regular method of forming the 
spireme from the chromosome chromonemas is pointed out, and a method is 
suggested. 
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EXPLANATION OF PLATES 


Plate 1. 


1. Continuous spireme of the prophase showing looping and twisting. The points (x) 
mark the points of connection of one bivalent length of spireme with another. 


2. Cut-off loop ends showing characteristic methods of twisting in conjugation of 
synaptic mates. 

3. Beginning of second contraction. 

4+. Complete second contraction. 

5. Mid-diakinesis. 

6. Late diakinesis; nuclear cavity taking on elliptical shape and spindle-fibres appearing. 

7. Late diakinesis; nuclear membrane has disappeared, nuclear cavity elliptical in 
shape, spindle-fibres definitely established, and bivalents arranged on fibres. 

8. Third contraction. 


9, Early anaphase, showing typical sizes, shapes, and spindle-fibre attachments of 
bivalents. 


10. Early anaphase, later stage than 9, when chromosomes I, II, and TI have drawn out 
to their full extent. 


11. Inception of homotype division, continuous spireme of interphase has broken into 
seven lengths of spireme. 


12. Homotypic metaphase plate. 
13. Homotypie anaphase and early telophase. 
14. Homotypic metaphase, polar view. 


15. Homotypic early telophase, polar view, showing how chromosomes tend to retain 
their shape during loss of chromaticity. 


16. Homotypie telophase, continuous spireme formed, which then gives reticulum. 


Plate 2. 
1. Meiotic prophase, spireme loops condensing to second contraction. 
2. Second contraction. 
3. Early heterotypic anaphase plate; bivalents IT and VIT stand out clearly. 


4. Early heterotypie anaphase, slightly later stage than 3; bivalents I and TI! stand out 
clearly, and [If and VIT may be distinguished towards the opposite end. 


5. Homotypie metaphase plate, polar view. 
6. Somatic spireme breaking up to give chromosome lengths. 
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